Objectives: Sensory hypersensitivity, central hyperexcitability [lowered nociceptive flexion reflex (NFR) thresholds], and psychologic distress are features of chronic whiplash. However, relationships between these substrates are not clear. This study tested the hypothesis that psychologic distress and catastrophization are correlated with sensory hypersensitivity and NFR responses in chronic whiplash.
P ersistent pain and disability occur in up to 40% of those who experience a whiplash injury 1, 2 and it is this group who incur substantial costs. 3 Whiplash-associated disorders (WAD) are a complex condition manifested by sensory disturbances, including hypersensitive responses to mechanical, thermal, and electrical stimulation in both the acute and chronic stages of the condition. [4] [5] [6] [7] [8] These consistent findings in various cohorts suggest that central nervous system hyperexcitability plays a role in symptom persistence.
One drawback of the measures used in these studies is that the pain threshold data relies on the participants' voluntary responses. Potentially responses may be influenced by factors such as misinterpretation of the examiner's requests or even secondary gain. Banic et al 9 attempted to overcome this disadvantage by using the nociceptive flexion reflex (NFR), a spinal reflex where threshold muscle reflex activity is measured after electrical stimulation to the sural nerve at the ankle. These authors demonstrated a facilitated nociceptive withdrawal response in the lower limbs of individuals with chronic WAD, indicating spinal hyperexcitability. 9 Extensive basic research has demonstrated that nociceptive stimulation is followed by hyperexcitability of the central nervous system. Accordingly, a peripheral nociceptive focus may be responsible for the apparent central hyperexcitability in whiplash patients. However, tissue damage is frequently not detected in this condition. Psychologic distress is also a feature whiplash and whereas it seems to resolve in those who recover, persists in the long term in those who develop persistent symptoms. 2, 8 Psychologic factors are known to exert influence on measures of pain intensity, disability in response to pain, experimental pain, and pain threshold measures. 10, 11 Despite this little attention has been paid to the relationship between psychologic distress and sensory responses in WAD. One psychologic construct yet to be extensively investigated in WAD is that of catastrophization-the tendency to ruminate, magnify, or feel helpless about pain. 12, 13 Castrophization has been shown to be related to ratings of pain but not the NFR threshold in healthy asymptomatic volunteers. 11 Further, the presence of acute anxiety has also been shown to be unrelated to NFR thresholds, again in asymptomatic participants. 14 Relationships between psychologic distress, catastrophization, and measures of sensory hypersensitivity in WAD have not been explored. Because of the frequent absence of overt signs of tissue damage, it could be hypothesized that psychologic factors rather than peripheral nociceptive input are major determinants of sensory and threshold responses in whiplash patients.
The aim of this study was to investigate relationships between psychologic factors (distress and catastrophization) and pain threshold responses to sensory stimuli and spinal cord excitability as assessed by the NFR responses. The former assessments are considered as global pain responses to sensory stimuli as reported by the patient, whereas the latter, an objective measurement for spinal cord excitability to peripheral stimulation.
MATERIALS AND METHODS

Participants
Participants consisted of 33 individuals (23 women, mean age 37.7 ± 11.52 y) reporting neck pain of greater than 3 months duration as a result of a motor vehicle crash. Participants were recruited primarily from a database of patients from the research clinic, but also from general advertisement. Eligibility was determined by Participants meeting the Quebec Task Force classification of WAD II or III. 15 Participants were excluded if they did not meet WAD II or III criteria; sustained additional injuries in the motor vehicle crash including concussion, unconsciousness, head or upper quadrant injury; sought treatment before their accident for previous neck pain, headaches, or whiplash injury; reported a history of treatment for psychiatric or psychologic disorders; were affected by any neurologic or circulatory disorders or other painful conditions such as fibromyalgia, which may affect the results of sensory testing, or had a current claim for compensation. The WAD classification was determined via physical examination by a physiotherapist experienced in the assessment of whiplash.
We were not interested in small correlation values and therefore decided that the minimum correlation required to be clinically relevant would be r = 0.45. This was based on previous findings of relationships between similar sensory variables and pain and disability levels in chronic whiplash. 16 Therefore, 29 participants were required for power of 0.8 at P = 0.05.
Thirty-two healthy asymptomatic participants were also recruited as a control group. Healthy controls were included if they had not experienced musculoskeletal pain in the last 12 months that required them to seek treatment. Ethical clearance for this study was granted by the Medical Research Ethics Committee of the Institution involved.
Questionnaires
The Neck Disability Index (NDI) measures selfperceived pain and disability associated with neck pain. It consists of 10 items addressing functional activities such as personal care, lifting, reading, work, driving, sleeping, and recreational activities and also pain intensity, concentration, and headache. There are 6 potential responses for each item ranging from no disability (0) to total disability (5) . The overall score (out of 100) is calculated by totaling the responses of each individual item and multiplying by 2. A higher score indicates greater pain and disability. 17 A Visual analog scale (VAS) score of each participant's average level of pain over the last week was used with 0 representing ''no pain'' and 10 representing ''worst pain imaginable.''
The General Health Questionnaire-28 (GHQ-28) is a 28-item measure of emotional distress in medical settings that is divided into 4 subscales: somatic symptoms (items 1 to 7), anxiety/insomnia (items 8 to 14), social dysfunction (items 15 to 21), and severe depression (items 22 to 28). 18 The total scores can be used as a measure of psychologic distress, with a higher score indicating greater distress. The GHQ-28 has been used in previous research of WAD. 19, 20 Catastrophizing was assessed using the Pain Catastrophizing Scale (PCS). 13 This is a 13-item questionnaire that describes various thoughts and feelings that individuals can experience when they are in pain, and requires participants to reflect on past pain experiences and to indicate the degree to which each of the items applied to them. Each item has a 5-point rating scale ranging from (0) not at all to (4) all the time and scores provide a total for the PCS and also subscale scores for rumination, magnification, and helplessness.
Measures of Sensory Pain Thresholds
Pressure pain thresholds (PPTs) were measured using the Somedic AB pressure algometer (Farsta, Sweden), which has a probe size of 1 cm 2 and applies pressure at the rate of 40 kPa/s. Bilateral sites tested were over the articular pillars of C 5/6 in the cervical spine, the median nerve trunks at the elbow in the upper limbs and a remote site in the lower limb, over tibialis anterior. All measures were taken bilaterally and in triplicate (mean values used for data analysis). Participants were asked to press a button when the sensation of the algometer contact changed from pressure to pressure and pain. 21 We have previously used these sites in the investigation of WAD. 8 To measure heat pain thresholds (HPT) and cold pain thresholds (CPT), the Thermotest system (Somedic AB, Farsta, Sweden) was used. Thresholds were tested bilaterally at C 5/6 in the cervical spine, the median nerve trunk in the upper limb and remotely at tibialis anterior. Measurements were taken bilaterally and in triplicate and mean values used in data analysis. The thermode was placed over the skin at the test sites and preset to 301C. Temperature change occurred at the rate of 11C/s and participants were requested to push a button when the sensation of heat or cold first became painful. These measures have been used previously in whiplash research. 8 
NFR
The NFR was measured from every participant's right side. The participants' skin was cleaned with an alcohol wipe and abraded with a mild exfoliantlike gel in preparation for electrode placement. The patient was placed in the prone position with ankle supported so that the knee was flexed to 30 degrees. Bipolar Ag-AgCl surface electrodes were placed over the Sural Nerve (just below the lateral malleolus) in preparation for electrical stimulation. Ag-AgCl surface electrodes were also placed over the middle of the ipsilateral Biceps Femoris Muscle to measure electromyogram (EMG) reflex responses. Using the Digitimer DS7A High Voltage Constant Current Stimulator (Hertfordshire, England), a single 1-ms square wave impulse was delivered to the ankle site. The current intensity began at 1-mA and was increased in 4 mA increments until a reflex was elicited. A computer program was written that delivered the electrical stimuli at random time intervals. Each stimulus was rated on a 10-cm VAS of pain where 0 was defined as no pain and 10 the worst pain imaginable. In the event that the VAS was greater than 8/10 and a reflex was not elicited, the procedure was discontinued. A reflex response was defined as per recent recommendations using the standardized peak (NFR interval peak z score) EMG activity from biceps femoris. 22 The NFR Interval Peak z score is the NFR interval peak (EMG activity 90 to 150 ms poststimulation interval)-baseline mean (60 ms before stimulation)/baseline SD. Rhudy and France 22 suggest a NFR interval peak z score of greater that 10.32 be used to define a reflex response. The 90 to 150-ms interval was chosen as it avoids possible contamination by low threshold cutaneous flexor reflex, startle reactions, and voluntary movements. 14 The 2 measures taken from this test were (1) the current intensity required to elicit a reflex response and (2) pain intensity (VAS) at this current intensity.
Procedure
Participants were given a brief description of the experimental procedure to read and consent was gained before proceeding to the questionnaires and testing. Participants were then asked to give a rating of their pain at rest and to complete the NDI (whiplash participants only), GHQ-28, and PCS. After completion of the questionnaires, participants were brought into a standard testing cubicle at the research clinic and testing was conducted in the following sequence: PPT, HPT, CPT, and NFR. The order of sensory testing was as follows: median nerve trunk then tibialis anterior in supine, C 5/6 articular pillars in prone. The left side was tested first followed by the right side. The same examiner tested all participants and was blind to their scores on the NDI, GHQ-28, and PCS. No feedback or cues were given to the participants regarding their performance on any of the tests. The order of testing (that is sensory measures performed before NFR) was the same for each group so that any order effect of the measures was consistent for both groups. Participants were requested to refrain from taking their medication, caffeine, or alcohol before testing.
Data Analysis
Independent samples t tests revealed no significant difference between sides for any sensory measure (P>0.05); therefore, the mean values of right and left and right sides were used in further analysis. For all sensory pain threshold data (pressure, heat, and cold), data were collapsed across the 3 sites and a mean value for each modality was used in the analyses.
A multivariate analysis of covariance was used to determine differences between the whiplash group and controls for sensory measures and the NFR. GHQ-28 and PCS scores were used as covariates in the analysis. Group differences for questionnaire data (GHQ-28 and PCS) were analyzed using 1 way analysis of variance.
Pearsons correlation coefficients were used to determine the relationship between the psychologic measures (PCS and GHQ-28), pain and disability levels (NDI), and the pain threshold measures (mechanical and thermal) and to determine relationships between the psychologic measures, pain and disability measures (NDI) and NFR responses (pain intensity at threshold, threshold). For all analyses significance was set at P<0.05.
RESULTS
Participants
Three of the participants with whiplash and 2 control participants reported a VAS of 8/10 without elicitation of a NFR. The data of these participants were not included in further analysis. Therefore, the WAD group comprised 23 women and 7 men with an age range 23 to 58 years (mean age 37.7 y) and the control group comprised 24 women and 6 men, with an age range of 20 to 48 (mean age 30.25 y). The mean (SD) duration of symptoms postinjury was 18 ± 10.2 months.
The whiplash group was all classified as WAD II. 15 The (mean ± SD) NDI scores of the group were 46.2 (17.6) and VAS scores of pain were 4.2 (2.4) ( Table 1) . Fifty-six percent of the participants with whiplash reported taking simple analgesics at times for the pain. No participant reported taking medication such as tricyclic antidepressants or opioids.
Group Differences
There were no side-to-side differences for any of the pain threshold measures so data from right and left sides were pooled for further analysis. The results of multivariate analysis of covariance revealed a significant main effect [F(3,44) = 3.28, P = 0.03]. Between participants tests showed that the whiplash group had significantly higher cold pain threshold [F(1,46) = 5.12, P = 0.02], and lower PPTs [F(1,46) = 8.06, P = 0.007] when compared with control data. There was no difference between the groups for HPT [F(1,44) = 3.2, P = 0.08]. Mean ( ± SD) data for the sensory measures are depicted in Table 2 . There was a significant group difference for NFR threshold [F(1,46) = 9.56, P = 0.004]. A lower intensity electrical stimulus (19.8 ± 14.8 mA) was required to elicit the NFR in the whiplash group when compared with controls (37.9 ± 23.2 mA). The pain reported (VAS) at the time the NFR was elicited was not different between groups [F(1,46) = 0.12, P = 0.96] ( Table 1 ). There was no difference in reflex size (NFR Interval Peak z score: mean ± SD) between the whiplash group (16.3 ± 7.1) and controls (15.9 ± 4) [F(1,46) = 0.23, P = 0.12]. The maximum stimulation intensity required to elicit a NFR response in either group was 61 mA. GHQ-28 scores (mean ± SD) of the whiplash group (29.5 ± 11.7) were significantly higher than the control data (11.9 ± 4. 
Correlational Analyses
In the whiplash group, there were significant moderate positive correlations between PCS scores and cold pain threshold (r = 0.51, P = 0.01). That is higher PCS scores were associated with pain at higher temperatures with the cold stimuli (increased sensitivity to cold). There was no statistically significant correlation between PCS scores and PPT (r = 0.29, P = 0.28) or between PCS scores and heat pain threshold (r = 0.31, P = 0.25). There were no statistically significant correlations between GHQ-28 scores and any pain threshold measure (cold pain r = 0.29, P = 0.09; pressure pain r = 0.28, P = 0.22; heat pain r = 0.15, P = 0.54). With respect to pain and disability levels, cold pain thresholds showed moderate correlations with NDI scores (r = À 0.38, P = 0.04).
In the whiplash group, there were no statistically significant correlations between PCS and NFR threshold (r = À 0.07, P = 0.76), PCS scores and reported pain at NFR threshold (r = 0.22, P = 0.17) or between GHQ-28 scores and NFR threshold (r = 0.032, P = 0.89) or pain levels at NFR threshold (r = À 0.044, P = 0.86). A significant weak negative correlation was found between NDI scores and NFR threshold (r = À 0.36, P = 0.03) and a weak positive correlation between NDI scores and pain at NFR threshold (r = 0.37, P = 0.04).
PCS scores of the whiplash group showed moderate correlations with NDI scores (r = 0.43, P = 0.05) and VAS scores of pain (r = 0.45, P = 0.04). GHQ-28 scores correlated with resting pain levels (VAS) (r = 0.56, P = 0.01) but not NDI scores (r = 0.23, P = 0.2). In the control group, there was no statistically significant correlation between PCS scores, and NFR threshold (r = 0.14, P = 0.98), PCS scores and reported pain at NFR threshold (r = 0.18, P = 0.62) or between GHQ-28 scores and NFR threshold (r = 0.13, P = 0.77) or pain levels at NFR threshold (r = À 0.06, P = 0.82). There were no statistically significant correlations between PCS scores and any pain threshold measure (cold pain r = 0.21, P = 0.12; pressure pain r = À 0.28, P = 0.15; heat pain r = À 0.12, P = 0.45) nor between GHQ-28 and any pain threshold measure (cold pain r = 0.18, P = 0.24; pressure pain r = À 0.21, P = 0.34; heat pain r = À 0.19, P = 0.56).
DISCUSSION
The main finding of the present study was the differential correlation of psychologic factors with subjective pain thresholds and spinal cord excitability in individuals with chronic WAD. Although there was some association between the psychologic factor of catastrophization and sensory hypersensitivity (cold pain thresholds), there was lack of correlation of psychologic factors with spinal cord hyperexcitability.
Sensory hypersensitivity or decreased pain thresholds are recognized phenomena present in individuals with persistent pain after whiplash injury. Although the majority of studies have used measures requiring a cognitive patient response, it has been recently shown that facilitated nociceptive withdrawal responses (spinal cord hyperexcitability) are also present in this patient group. 9 Our findings support this model of chronic whiplash where both widespread sensory hypersensitivity and lowered NFR threshold occur concomitantly. Interestingly whereas NFR thresholds were lower in our whiplash group, reported pain at this threshold was no different from controls. This finding is similar to that of Banic et al. 9 and may be an indication that reflex responses are more sensitive than pain responses in detecting central hyperexcitability. The current intensity required to elicit a threshold response in our participants seems to be higher than that reported by Banic et al 9 . The nature of our apparatus required that we used a single electrical stimulus as opposed to a train of stimuli as used by Banic et al. 9 Desmeules et al 23 also used a single stimulus in their investigation of NFR responses in fibromyalgia. Interestingly, the threshold responses (mA) reported by these authors for both patients and controls were very similar to those of our study.
There were some differences between our findings and those of previous studies. The presence of heat hyperalgesia in whiplash is inconsistent across studies. HPT of the whiplash group in this study were not different from controls. This is in contrast to our previous findings 8 but consistent with that of others. 4, 24, 25 In contrast, the presence of cold and mechanical hyperalgesia has been consistently demonstrated across different whiplash cohorts. 4, 24, 25 The reason for this subtle variability of the sensory hypersensitivity is not clear but may indicate different mechanisms underlying whiplash pain that are yet to be fully elucidated.
Not surprisingly, this whiplash cohort reported higher levels of psychologic distress as measured with the GHQ-28, when compared with controls and above the threshold of 23/24 previously reported for this questionnaire. 18 These findings are in keeping with previous investigation of chronic whiplash. 20, 26 Few studies have investigated the psychologic substrate of catastrophization in chronic WAD. Levels of catastrophization in our whiplash cohort (mean PCS score of 18.8 ± 12.73) were higher than our control data (12.2 ± 5.1) but lower than those reported for other chronic whiplash cohorts (PCS score 32.2 ± 10.9), chronic musculoskeletal conditions (PCS score 28.2 ± 12.3), and neuropathic pain conditions [27] [28] [29] but similar to those reported for acute low back pain (PCS 18.8 ± 12). 30 One reason for these differences could be due to the different cohorts studied. The chronic whiplash and musculoskeletal pain patients were attending pain clinics and the neuropathic pain patients a hospital outpatient department. Our participants were recruited from the local community and primary care practice similar to the acute low back pain patients in the study of Swinkels-Meewisse et al. 30 However, the findings of lower levels of catastrophic thinking in our whiplash group could also demonstrate that different and perhaps specific psychologic factors are at play in different types of musculoskeletal conditions and at various stages in the development of these conditions. There is evidence that other psychologic substrates such as fear avoidance beliefs may not be as significant in neck pain and whiplash as they are thought to be in low back pain. 2, 31 The lower PCS scores found in our whiplash cohort may have an impact on the results of correlational analyses and further investigation of catastrophization in whiplash is warranted.
Whiplash is a complex disorder with heterogeneous presentations. However, those who report higher levels of pain and disability and those with poor functional recovery tend to be characterized by the concomitant presence of features indicative of central hyperexcitability and psychologic distress. 2, 25 We sought to explore relationships between these factors. Previous research has shown that catastrophization is associated with levels of reported pain, 11 at least in asymptomatic control participants. The current study has demonstrated that a similar relationship exists in individuals with chronic whiplash pain where PCS scores were associated with both resting pain levels and pain and disability levels (NDI). Additionally, our data demonstrated a significant moderate relationship between catastrophization and pain threshold responses to cold stimuli. We found no relationship between sensory pain thresholds and general psychologic distress (GHQ-28), indicating that catastrophization may be an important psychologic factor to consider with this form of sensory assessment. Although relationships between psychologic and sensory variables were stronger in our whiplash group compared with asymptomatic controls, catastrophization was not associated with all sensory stimuli measured. This may be a reflection of the sample size of our study. However, previous investigation of other conditions (eg, fibromyalgia) report higher correlation coefficients than found in our study. 23 Our findings suggest that sensory hypersensitivity in chronic whiplash cannot be attributed to psychologic factors alone and may reflect the contribution of other neurobiologic changes or a complex interplay between these substrates. 32 With respect to our control data, the lack of relationship between catastrophization and pain thresholds is at odds with some studies where significant associations have been found, 33 but may be related to the different forms of pain threshold and tolerance testing used.
In contrast to findings for sensory testing, there were no significant relationships between NFR responses (threshold or pain at threshold) and psychologic distress or catastrophization, with correlation coefficients being notably low (in both the whiplash and control groups). This supports previous findings from asymptomatic control participants where anxiety and catastrophization have been shown not to influence NFR threshold responses. 11 The influence of psychologic factors on spinal cord reflexes in chronic pain patients has not been previously investigated but our data indicate that a similar relationship exists in those with chronic whiplash pain. The NFR is thought to be an objective physiologic correlate of nociception 11 and has been used to demonstrate the presence of central hyperexcitability in certain pain states, including whiplash. 9 French et al 14 suggest that catastrophizing seems to be associated with heightened pain perception and/or reports of pain without augmenting nociceptive transmission at the spinal level. It is possible that these psychologic factors influence pain perception (including reported pain and responses to sensory testing) without significantly affecting spinal cord excitability. Thus, psychologic factors may not have a strong impact on descending modulation, but may rather influence central hypersensitivity at higher brain centers. This would support our previous proposal that whiplash is a multidimensional condition involving both physiologic changes in the neurobiologic processing of pain as well psychologic factors. 2 However, it should be noted that we found no relationship between catastrophization and reported levels of pain (VAS) at NFR threshold in either the control or patient group. This is at odds with previous findings where relationships between catastrophization and pain levels have been found with a variety of painful tasks in both patients and controls. 11, 27 Catastrophization was certainly associated with resting pain and disability levels in the whiplash group. The reasons for this discrepancy are unclear and suggest that caution is required in the interpretation of these results.
Although it was not a specific aim of this study to investigate relationships between psychophysical measures, NFR responses, and reported pain and disability levels, our data did show some significant weak to moderate associations between these variables. This is in agreement with previous studies investigating psychophysical measures, 16, 34 although our findings are probably the first to investigate relationships between NFR responses and pain and disability levels. The relative contributions of physical and psychologic factors to reported pain and disability levels are a much debated issue and not the aim of this study. Further investigation of this area requires larger and preferably longitudinal studies.
In summary, the findings of this study demonstrate that the psychologic factor of catastrophization is associated with sensory hypersensitivity to cold stimuli in chronic whiplash. In contrast, no relationship was found between these psychologic factors and NFR responses (threshold and pain). Thus, the findings confirm the hypothesis that psychologic factors play a role in the sensory presentation of chronic whiplash. However, they do not support the assumption that psychologic factors are the only or main factors responsible for hypersensitivity seen in whiplash patients. In particular, spinal cord hyperexcitability appears not to be affected, at least significantly, by the psychologic factors that we assessed. The hypersensitivity after whiplash is therefore a complex phenomenon that probably involves both neurobiologic changes and also psychologic factors.
